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57 ABSTRACT

Disclosed are an electrodeposition system and method with
an anode assembly comprising a capacitor comprising a first
conductive plate (i.e., an anode) with a frontside having a
surface exposed to a plating solution, a second conductive
plate on a backside of the first conductive plate, and a
dielectric layer between the two conductive plates. During a
non-plating mode, a power source, having positive and
negative terminals connected to the first and second con-
ductive plates, respectively, is turned on, thereby polarizing
the first conductive plate (i.e., the anode) relative to the
second conductive plate to prevent degradation of the anode
and/or plating solution. During an active plating mode,
another power source, having positive and negative termi-
nals connected to the first conductive plate (i.e., the anode)
and a cathode, respectively, is turned on, thereby polarizing
the anode relative to the cathode in order to deposit a plated
layer on a workpiece.

17 Claims, 5 Drawing Sheets
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Provide An Electrodeposition System That Incorporates | 402
An Anode Assembly Comprising A Holder
Holding A Capacitor, Wherein The Capacitor /
Comprises A 1% Conductive Plate (i.e., An Anode),
A 27 Conductive Plate And A Dielectric Layer
Between The 15t And 2° Conductive Plates

During A Non-Plating Mode, Selectively Turning On
A 1%t Power Source Having A 1 Positive Terminal
Electrically Connected To The 1% Conductive Plate 404
(i.e., The Anode) And A 1% Negative Terminal /
Electrically Connected To The 22 Conductive Plate In
Order To Polarize The 1%t Conductive Plate Relative
To The 2™ Conductive Plate And, Thereby Prevent
Anode And/Or Plating Solution Degradation

During An Active Plating Mode, Selectively Turning Off
The 15t Power Source And Turning On A 2° Power Sourcd
Having A 27 Positive Terminal Electrically Connected
To the 1%t Conductive Plate (i.e., The Anode) And
A 27 Negative Terminal Electrically Connected To
A Workpiece (i.e., A Cathode) In Order To
Polarize The 1%t Conductive Plate (i.e., The Anode)
Relative To The Workpiece (i.e., The Cathode) And,
Thereby Form a Plated Layer On The Workpiece

406

FIG. 4
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1
ELECTRODEPOSITION SYSTEM AND
METHOD INCORPORATING AN ANODE
HAVING A BACK SIDE CAPACITIVE
ELEMENT

BACKGROUND

The present invention relates to electrodeposition and,
more particularly, to an electrodeposition system and
method that incorporate an anode having a backside capaci-
tive element in order to minimize anode and/or plating
solution degradation during non-plating periods (i.e., during
idle periods before or after active plating).

Generally, electrodeposition (also referred to herein as
electroplating) is a process in which plating material(s) and,
particularly, one or more different metals are deposited onto
a workpiece. Specifically, during electrodeposition, a plating
solution (i.e., a plating bath) is contained within a plating
container and plating material(s) is/are dissolved in the
plating solution as stabilized metal species (i.e., as metal
ions). A workpiece be plated (i.e., an object to be plated, an
article to be plated, etc.) and, particularly, a cathode and at
least one anode are placed into the plating solution. The
cathode and anode can be electrically connected to the
negative and positive terminals, respectively, of a power
supply in order to create an electric circuit. The power
supply can subsequently be turned on so that electric current
flows through the electric circuit from the anode to the
cathode by means of ion transport through the plating
solution. As a result of this current flow, electron transfer can
occur at the cathode and anode such that the plating
material(s) take up electrons at the cathode, thereby causing
a layer of metal or a layer of a metal alloy (e.g., depending
upon whether a single or multiple metal species are dis-
solved in the plating solution) to deposit thereon. The metal
specie(s) in the plating solution can be replenished by the
anode(s), iff'when the anode(s) are soluble (i.e., if/when the
anode(s) comprise soluble metal(s)) and the electric current
causes the soluble metal(s) to dissolve in the plating solu-
tion). Additionally or alternatively, the metal specie(s) can
be added directly to the plating solution.

Unfortunately, during non-plating periods (e.g., when the
cathode is disconnected from the power source and removed
from the plating solution and when the anode is exposed to
the plating solution), any charged surface of the anode
exposed to the plating solution can potentially cause
unwanted reactions that result in anode degradation and/or
plating solution degradation. Therefore, there is a need in the
art for an electrodeposition system and method that mini-
mize anode and/or plating solution degradation during such
non-plating periods.

SUMMARY

In view of the foregoing, disclosed herein are an elec-
trodeposition system and method that use a novel anode
having a backside capacitive element in order to minimize
anode and/or plating solution degradation when the anode is
exposed to a plating solution during a non-plating period
(i.e., during an idle period). Specifically, in the electrode-
position system and method disclosed herein, an anode
assembly can comprise a capacitor comprising a first con-
ductive plate (and, particularly, an anode), which has a
frontside with a surface exposed to a plating solution and a
backside opposite the frontside. The capacitor can further
comprise a second conductive plate on the backside of the
first conductive plate and a dielectric layer between the first
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conductive plate and the second conductive plate. During a
non-plating mode, a first power source, which has positive
and negative terminals electrically connected to the first and
second conductive plates, respectively, can be selectively
turned on, thereby polarizing the first conductive plate
relative to the second conductive plate in order to prevent
degradation of the surface of the first conductive plate,
which is exposed to the plating solution, and/or to prevent
degradation of plating solution. During an active plating
mode, the first power source can be selectively turned off
and a second power source, which has positive and negative
terminals electrically connected to the first conductive plate
(i.e., the anode) and a cathode, respectively, can be selec-
tively turned on, thereby polarizing the first conductive plate
(i.e., the anode) relative to the cathode in order to deposit a
plated layer on a workpiece, which is exposed to the plating
solution at the cathode.

More specifically, disclosed herein is an electrodeposition
system. The electrodeposition system can comprise a con-
tainer for containing a plating solution.

The electrodeposition system can further comprise an
anode assembly and a first power source. The anode assem-
bly can be removably placed in the plating solution within
the container and can comprise a capacitor. This capacitor
can comprise a first conductive plate and, particularly, an
anode. The first conductive plate (i.e., the anode) can have
a frontside, which has a surface exposed to the plating
solution, and a backside opposite the frontside. The capaci-
tor can further comprise a second conductive plate adjacent
to the backside of the first conductive plate and a dielectric
layer between the first conductive plate and the second
conductive plate. The first power source can comprise a first
positive terminal electrically connected to the first conduc-
tive plate and a first negative terminal electrically connected
to the second conductive plate. During a non-plating mode
and, particularly, when the surface of the first conductive
plate (i.e., the anode) that is exposed to the plating solution
is not polarized relative to a cathode for plating purposes, the
first power source can supply a first operating current to the
capacitor in order to polarize the first conductive plate (i.e.,
the anode) relative to the second conductive plate and,
thereby prevent anode and/or plating solution degradation.

The electrodeposition system can further comprise a
cathode assembly and a second power source. The cathode
assembly can be removably placed in the plating solution in
the container and can comprise a workpiece and, particu-
larly, a cathode, which is exposed to the plating solution. The
second power source can comprise a second positive termi-
nal electrically connected to the first conductive plate (i.e.,
the anode) and a second negative terminal electrically con-
nected to the workpiece (i.e., the cathode), thereby forming
an electric circuit. During an active plating mode, the second
power source can supply a second operating current to the
electric circuit in order to polarize the first conductive plate
(i.e., the anode) relative to the workpiece (i.e., the cathode)
and, thereby form a plated layer on the workpiece, which as
mentioned above is exposed to the plating solution at the
cathode assembly.

For example, such an electrodeposition system can com-
prise a container for containing a plating solution and,
particularly, a methyl sulfonic acid (MSA)-based plating
solution. The MSA-based plating solution can comprise
water and, dissolved in the water, methyl sulfonic acid
(MSA), tin ions and silver ions. Such an electrodeposition
system can further comprise an anode assembly and a first
power source. The anode assembly can be removably placed
in the plating solution within the container and can comprise
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a capacitor. This capacitor can comprise a first conductive
plate and, particularly, a soluble anode comprising a soluble
metal plate such as a tin plate. The first conductive plate can
have a frontside, which has a surface exposed to the MSA-
based plating solution, and a backside opposite the frontside.
The capacitor can further comprise a second conductive
plate adjacent to the backside of the first conductive plate
and a dielectric layer between the first conductive plate and
the second conductive plate. The first power source can
comprise a first positive terminal electrically connected to
the first conductive plate (i.e., to the soluble anode) and a
first negative terminal electrically connected to the second
conductive plate. During a non-plating mode and, particu-
larly, when the surface of the first conductive plate (i.e., the
surface of the soluble anode) that is exposed to the MSA-
based plating solution is not polarized relative to a cathode
for plating purposes, the first power source can supply a first
operating current to the capacitor in order to polarize the first
conductive plate (i.e., the soluble anode) relative to the
second conductive plate and, thereby prevent anode and/or
plating solution degradation.

Such an electrodeposition system can further comprise a
cathode assembly and a second power source. The cathode
assembly can be removably placed in the MSA-based plat-
ing solution in the container and can comprise a workpiece
and, particularly, a cathode, which is exposed to the MSA-
based plating solution. The second power source can com-
prise a second positive terminal electrically connected to the
first conductive plate (i.e., the soluble anode) and a second
negative terminal electrically connected to the workpiece
(i.e., the cathode), thereby forming an electric circuit. Dur-
ing an active plating mode, the second power source can
supply a second operating current to the electric circuit in
order to polarize the first conductive plate (i.e., the soluble
anode) relative to the workpiece (i.e., the cathode) and,
thereby form a plated layer and, particularly, a tin-silver
(SnAg) plated layer on the workpiece, which as mentioned
above is exposed to the MSA-based plating solution at the
cathode assembly.

Also disclosed herein is an electrodeposition method. The
electrodeposition method can comprise providing a con-
tainer for containing a plating solution.

The electrodeposition method can further comprise pro-
viding an anode assembly and a first power source. The
anode assembly can be removably placed in the plating
solution within the container and can comprise a capacitor.
This capacitor can comprise a first conductive plate and,
particularly, an anode. The first conductive plate (i.e., the
anode) can have a frontside, which has a surface exposed to
the plating solution, and a backside opposite the frontside.
The capacitor can further comprise a second conductive
plate adjacent to the backside of the first conductive plate
and a dielectric layer between the first conductive plate and
the second conductive plate. The first conductive plate (i.e.,
the anode) can be electrically connected to a first positive
terminal of the first power source and the second conductive
plate can be electrically connected to a first negative termi-
nal of the first power source. The electrodepositing method
can further comprise, during a non-plating mode and, par-
ticularly, when the surface of the first conductive plate (i.e.,
the anode) that is exposed to the plating solution is not
polarized relative to a cathode for plating purposes, selec-
tively turning on the first power source in order to supply a
first operating current to the capacitor so as to polarize the
first conductive plate (i.e., the anode) relative to the second
conductive plate and, thereby prevent anode and/or plating
solution degradation.
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The electrodeposition method can further comprise pro-
viding a cathode assembly and a second power source. The
cathode assembly can be removably placed in the plating
solution in the container and can comprise a workpiece and,
particularly, a cathode, which is exposed to the plating
solution. The first conductive plate (i.e., the anode) can be
electrically connected to a second positive terminal of the
second power source and the workpiece (i.e., the cathode)
can be electrically connected to a second negative terminal
of the second power source, thereby forming an electric
circuit. The electrodeposition method can further comprise,
during an active plating mode, selectively turning off the
first power source and selectively turning on the second
power source in order to supply a second operating current
to the electric circuit so as to polarize the first conductive
plate (i.e., the anode) relative to the workpiece (i.e., the
cathode) and, thereby form a plated layer on the workpiece,
which as mentioned above is exposed to the plating solution
at the cathode assembly.

For example, such an electrodeposition method can com-
prise providing a container for containing a plating solution
and, particularly, a methyl sulfonic acid (MSA)-based plat-
ing solution. The MSA-based plating solution can comprise
water and, dissolved in the water, methyl sulfonic acid
(MSA), tin ions and silver ions. Such an electrodeposition
method can further comprise providing an anode assembly
and a first power source. The anode assembly can be
removably placed in the plating solution within the container
and can comprise a capacitor. This capacitor can comprise a
first conductive plate and, particularly, a soluble anode
comprising a soluble metal plate such as a tin plate. The first
conductive plate can have a frontside, which has a surface
exposed to the MSA-based plating solution, and a backside
opposite the frontside. The capacitor can further comprise a
second conductive plate adjacent to the backside of the first
conductive plate and a dielectric layer between the first
conductive plate and the second conductive plate. The first
conductive plate (i.e., the soluble anode) can be electrically
connected to a first positive terminal of the first power
source and the second conductive plate can be electrically
connected to a first negative terminal of the first power
source. This electrodeposition method can further comprise,
during a non-plating mode and, particularly, when the sur-
face of the first conductive plate (i.e., the surface of the
soluble anode) that is exposed to the MSA-based plating
solution is not polarized relative to a cathode for plating
purposes, selectively turning on the first power source in
order to supply a first operating current to the capacitor so
as to polarize the first conductive plate (i.e., the soluble
anode) relative to the second conductive plate and, thereby
prevent anode and/or plating solution degradation.

Such an electrodeposition method can further comprise
providing a cathode assembly and a second power source.
The cathode assembly can be removably placed in the
MSA-based plating solution in the container and can com-
prise a workpiece and, particularly, a cathode, which is
exposed to the MSA-based plating solution. The first con-
ductive plate (i.e., the soluble anode) can be electrically
connected to a second positive terminal of the second power
source and the workpiece (i.e., the cathode) can be electri-
cally connected to a second negative terminal of the second
power source, thereby forming an electric circuit. The elec-
trodeposition method can further comprise, during an active
plating mode, selectively turning off the first power source
and selectively turning on the second power source in order
to supply a second operating current to the electric circuit so
as to polarize the first conductive plate (i.e., the soluble
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anode) relative to the workpiece (i.e., the cathode) and,
thereby form a plated layer and, particularly, a tin-silver
(SnAg) plated layer on the workpiece, which as mentioned
above is exposed to the MSA-based plating solution at the
cathode assembly.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWINGS

The embodiments herein will be better understood from
the following detailed description with reference to the
drawings, which are not necessarily drawn to scale and in
which:

FIG. 1 is a schematic diagram illustrating an electrode-
position system;

FIG. 2 is a schematic diagram illustrating the electrode-
position system of FIG. 1 operating in a non-plating mode;

FIG. 3 is a schematic diagram illustrating the electrode-
position system of FIG. 1 operating in an active plating
mode;

FIG. 4 is a flow diagram illustrating an electrodeposition
method; and,

FIG. 5 is a schematic diagram illustrating an exemplary
computer system used to implement system and method
embodiments disclosed herein.

DETAILED DESCRIPTION

As mentioned above, electrodeposition (also referred to
herein as electroplating) is a process in which plating
material(s) and, particularly, one or more different metals are
deposited onto a workpiece. Specifically, during electrode-
position, a plating solution (i.e., a plating bath) is contained
within a plating container and plating material(s) is/are
dissolved in the plating solution as stabilized metal species
(i.e., as metal ions). A workpiece be plated (i.e., an object to
be plated, an article to be plated, etc.) and, particularly, a
cathode and at least one anode are placed into the plating
solution. The cathode and anode can be electrically con-
nected to the negative and positive terminals, respectively,
of' a power supply in order to create an electric circuit. The
power supply can subsequently be turned on so that electric
current flows through the electric circuit from the anode to
the cathode by means of ion transport through the plating
solution. As a result of this current flow, electron transfer can
occur at the cathode and anode such that the plating
material(s) take up electrons at the cathode, thereby causing
a layer of metal or a layer of a metal alloy (e.g., depending
upon whether a single or multiple metal species are dis-
solved in the plating solution) to deposit thereon. The metal
specie(s) in the plating solution can be replenished by the
anode(s), iff'when the anode(s) are soluble (i.e., if/when the
anode(s) comprise soluble metal(s)) and the electric current
causes the soluble metal(s) to dissolve in the plating solu-
tion). Additionally or alternatively, the metal specie(s) can
be added directly to the plating solution.

Unfortunately, during non-plating periods (e.g., when the
cathode is disconnected from the power source and removed
from the plating solution and when the anode is exposed to
the plating solution), any charged surface of the anode
exposed to the plating solution can potentially cause
unwanted reactions that result in anode degradation and/or
plating solution degradation.

For example, electrodeposition is often used to deposit
tin-silver (SnAg) solder for controlled collapsed chip con-
nections (i.e., C4 connections) on integrated circuit chips;
however, during non-plating periods, unwanted reactions in
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the plating container can result in degradation of any soluble
or insoluble anode(s) used and/or degradation of the plating
solution, which can lead to non-uniform plating and, par-
ticularly, skip plating. Those skilled in the art will recognize
that the term skip plating refers to C4 solder plating that is
non-uniform such that the either no solder or a relatively low
volume of solder is deposited for some of the C4 connec-
tions on an integrated circuit chip.

Specifically, one technique for electrodeposition of SnAg
solder uses a methyl sulfonic acid (MSA)-based plating
solution with silver ions (Ag+ ions) and tin ions (Sn** ions)
dissolved therein. A soluble tin (Sn) anode can further be
used to replenish the tin ions (Sn** ions) in the plating
solution. However, during a non-plating period (e.g., when
the cathode is disconnected from the power source and
removed from the plating solution and the Sn anode remains
exposed to the plating solution), a double layer can be
created at that the surface of the Sn anode and can cause the
Ag+ ions in the plating solution to plate onto the Sn anode
(i.e., can cause unwanted removal of the Ag+ ions from the
plating solution), thereby degrading the composition of the
plating solution and, particularly, reducing the Ag compo-
sition in the plating solution. Low Ag composition can cause
undesirable and/or non-uniform electroplating of a SnAg
layer during subsequent active plating.

Another technique for electrodeposition of SnAg solder
similarly uses a methyl sulfonic acid (MSA)-based plating
solution with silver ions (Ag+ ions) and tin ions (Sn** ions)
dissolved therein. In this case, an insoluble anode (e.g., a
platinum (Pt) catalyst-coated titanium (Ti) anode) can be
used and the tin ions (Sn>* ions) in the plating solution can
be replenished by adding a tin (Sn) salt or a tin (Sn)
concentrate (which comprises Sn salt previously dissolved
in water or an MSA solution) to the plating solution. While
this technique avoids silver (Ag) plating on the insoluble
anode, using Sn salts and, particularly, using Sn concentrates
to replenish the Sn* ions in the plating solution is relatively
expensive because of limited commercial availability of
ultra low alpha Sn concentrate. Additionally, degradation of
the anode with time will cause the platinum (Pt) to be
removed from the surface exposing the titanium (Ti) mate-
rial below the coating. During non-plating periods (e.g.,
when the cathode is disconnected from the power source and
removed from the plating solution and the anode remains
exposed to the plating solution), a double layer can be
created at the exposed Ti surface of the anode causing
titanium ions (Ti** ions) to dissolve into the MSA-based
plating solution and tin ions (Sn** ions) from the MSA-
based plating solution to deposit onto the anode, thereby
forming a SnO,/Pt catalyst-coated Ti anode, which can
readily degrade organics in the MSA-based plating solution
and lead to skip plating.

Another technique for electrodeposition of SnAg solder
similarly uses a methyl sulfonic acid (MSA)-based plating
solution with silver ions (Ag+ ions) and tin ions (Sn** ions)
dissolved therein. In this case, a corrosion-resistance
insoluble anode (e.g., an Alkaline earth metal anode, an
austenitic-type stainless steel anode or a graphite anode) can
be used and the tin ions (Sn** ions) in the plating solution
can be replenished by adding a tin (Sn) salt or a tin (Sn)
concentrate (which comprises Sn salt previously dissolved
in water or an MSA solution) to the plating solution. While
this technique avoids silver (Ag) plating on the corrosion-
resistant anode, it is cost-prohibitive due to the high costs
associated with both the use of a corrosion-resistant anode
and the use Sn salts and, particularly, Sn concentrates to
replenish the Sn** ions in the plating solution.
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In view of the foregoing, disclosed herein are an elec-
trodeposition system and method that use a novel anode
having a backside capacitive element in order to minimize
anode and/or plating solution degradation when the anode is
exposed to a plating solution during a non-plating period
(i.e., during an idle period). Specifically, in the electrode-
position system and method disclosed herein, an anode
assembly can comprise a capacitor comprising a first con-
ductive plate (and, particularly, an anode), which has a
frontside with a surface exposed to a plating solution and a
backside opposite the frontside. The capacitor can further
comprise a second conductive plate on the backside of the
first conductive plate and a dielectric layer between the first
conductive plate and the second conductive plate. During a
non-plating mode, a first power source, which has positive
and negative terminals electrically connected to the first and
second conductive plates, respectively, can be selectively
turned on, thereby polarizing the first conductive plate
relative to the second conductive plate in order to prevent
degradation of the surface of the first conductive plate,
which is exposed to the plating solution, and/or to prevent
degradation of plating solution. During an active plating
mode, the first power source can be selectively turned off
and a second power source, which has positive and negative
terminals electrically connected to the first conductive plate
(i.e., the anode) and a cathode, respectively, can be selec-
tively turned on, thereby polarizing the first conductive plate
(i.e., the anode) relative to the cathode in order to deposit a
plated layer on a workpiece, which is exposed to the plating
solution at the cathode.

More specifically, referring to FIG. 1, disclosed herein is
an electrodeposition system 100. For purposes of illustra-
tion, this electrodeposition system 100 is described below as
a tin-silver (SnAg) electrodeposition system for use in
depositing a SnAg plated layer on a workpiece (i.e., an
article or object to be plated). Those skilled in the art will
recognize that SnAg plated layers are often used as solder
for controlled collapsed chip connections (i.e., C4 connec-
tions) on integrated circuit chips. It should, however, be
understood that the electrodeposition system 100 could,
alternatively, be used to deposit any other type of plated
layer on a workpiece. That is, the electrodeposition system
100 could alternatively be used to deposit a plated layer
comprising one or more of a variety of different metals
including, but are not limited to, tin (Sn), silver (Ag), nickel
(Ni), cobalt (Co), lead (Pb), copper (Cu), palladium (Pd),
gold (Au) or their various alloys.

In any case, the electrodeposition system 100 can com-
prise a container 101 (i.e., a reservoir, a tub, etc.) for
containing a plating solution 102. For purposes of this
disclosure, a plating solution comprises at least a solvent
(e.g., water) and a substance (e.g., an acid or base) that is
dissolved in the solvent and that provides ionic conductivity.
The plating solution 102 can comprise one or more organic
additive(s) (also referred to herein as organics), such as
complexers, charge carriers, levelers, brighteners and/or
wetters, dissolved in the solvent. The plating solution 102
can also comprise one or more different types of plating
material(s), which are dissolved in the solvent as stabilized
metal species (i.e., as metal ions). The metal ions can be
dissolved in the plating solution 102 from metal salt(s) or
from metal concentrate(s) (which are metal salt(s) previ-
ously dissolved in the same solvent used in the plating
solution) and/or from soluble anode(s) used during an active
plating mode, as discussed in greater detail below.

In a SnAg electrodeposition system, this plating solution
102 can comprise, for example, a methyl sulfonic acid
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(MSA)-based plating solution. Such an MSA-based plating
solution can comprise a solvent and, particularly, water.
Methyl sulfonic acid (MSA) can be dissolved in the water to
provide ionic conductivity. Additionally, one or more
organic additive(s) (e.g., complexers, charge carriers, level-
ers, brighteners and/or wetters), tin ions (Sn** ions), and
silver (Ag+ ions) can be dissolved in the water. The Sn**
ions can be dissolved in the water from a tin (Sn) salt or from
a tin (Sn) concentrate and/or can be dissolved in the water,
during an active plating mode, from a soluble tin (Sn) anode
(e.g., if such an anode is used (see detailed discussion below
regarding anode composition)). The Ag+ ions can be dis-
solved in the water from a silver (Ag) salt or a silver (Ag)
concentrate (which comprises Ag salt previously dissolved
in water or an MSA solution). Alternatively, in a SnAg
electrodeposition system, the plating solution 102 can com-
prise a phosphonate-based plating solution, a pyrophos-
phate-based plating solution or any other suitable plating
solution.

The electrodeposition system 100 can further comprise an
anode assembly 120 and a cathode assembly 110, a first
power source 160, and a second power source 150.

The anode assembly 120 can be removably placed within
the plating solution 102 in the container 101 and can
comprise a capacitor 127 and a first holder 121 for holding
the capacitor 127 in the plating solution 102 within the
container 101. The capacitor 127 can comprise a first
conductive plate 124 and, particularly, an anode. The first
conductive plate 124 (i.e., the anode) can have a frontside
128 and a backside 129 opposite the frontside 128. This first
conductive plate 124 can comprise a soluble metal plate
such that the anode is a soluble anode. Alternatively, the first
conductive plate 124 can comprise an insoluble metal plate
such that the anode is an insoluble anode. As discussed in
greater detail below, the electrodeposition system 100 dis-
closed herein eliminates the need for a relatively expensive
corrosion-resistant anode to be used in order to prevent
anode and/or plating solution degradation.

For purposes of this disclosure, a soluble anode refers to
an anode having an outer metal surface that is exposed to the
plating solution and that is soluble in the particular plating
solution particularly during an active plating period. An
insoluble anode refers to an anode having an outer metal
surface that is exposed to a plating solution and that is
insoluble in (i.e., can not be dissolved in) the plating solution
particularly during an active plating period. However, as
discussed above, depending upon the material used such an
insoluble anode may be subject to corrosion particularly
during a non-plating period (i.e., during an idle period, when
the anode is not polarized relative to a cathode). A corrosion-
resistant anode refers to an anode having at least an outer
metal surface that is exposed to a plating solution, that is
insoluble in the plating solution during an active plating
period and that is also resistant to corrosion by the particular
plating solution during a non-plating period. Thus, for
example, in a SnAg electrodeposition system using the
above-described MSA-based plating solution, the first con-
ductive plate 124 can comprise a soluble metal plate and,
particularly, a tin (Sn) plate such that it is a soluble anode
because Sn, when exposed to an MSA-based plating solu-
tion during an active plating period is soluble in that
MSA-based solution. Alternatively, the first conductive plate
124 can comprise an insoluble metal plate, for example, a
platinum (Pt) catalyst-coated titanium (11) metal plate. Such
aplatinum (Pt) catalyst-coated titanium (Ti) metal plate is an
insoluble anode because, when Ti is exposed to an MSA-
based plating solution during an active plating period, sta-
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bilized titanium oxide is formed (i.e., titanium oxide in a
stabilized state is formed) and titanium oxide is insoluble in
(i.e., can not be dissolved in) the MSA-based solution.

In any case, the capacitor 127 can further comprise at least
one a dielectric layer 125 and a second conductive plate 126
stacked on the backside 129 of the first conductive plate 124.
That is, the capacitor 127 can comprise a second conductive
plate 126 adjacent to the backside 129 of the first conductive
plate 124 and a dielectric layer 125 (or more than one
dielectric layers) positioned between and immediately adja-
cent to both the first conductive plate 124 and the second
conductive plate 126. Each dielectric layer 125 can comprise
a dielectric (i.e., insulative) material (e.g., plastic, glass,
porcelain, or any other suitable dielectric material). The
second conductive plate 126 can comprise a metal or metal
alloy plate. For example, the second conductive plate 126
can comprise a plate of aluminum (Al), copper (Cu), tita-
nium (T1), platinum (Pt), tin (Sn), silver (Ag), nickel (Ni),
cobalt (Co), lead (Pb), or any alloy thereof.

The first holder 121 can comprise an insulative material
(e.g., plastic, glass, or porcelain). The first holder 121 can be
submerged within (e.g., can be adapted to be submerged
within, can be configured to be submerged within, etc.) the
plating solution 102. The first holder 121 can further hold
(e.g., can be adapted to hold, can be configured to hold, etc.)
the capacitor 127. Specifically, the first holder 121 can hold
the capacitor 127 such that only a surface of the first
conductive plate 124 on the frontside 128 is exposed. For
example, the first holder 121 can have an opening 122 and
the capacitor 127 can be positioned within the first holder
121 immediately adjacent to the opening 122 such that a
surface of the first conductive plate 124 on the frontside 128
is exposed to the plating solution 102. A seal 123 (e.g., a
rubber or polymer seal) can border the edge of the opening
122 such that it is positioned between and immediately
adjacent to both the first conductive plate 124 and the first
holder 121 so as to ensure that the only portion of the
capacitor 127 exposed to the plating solution 102 is the
surface of the first conductive plate 124 on the frontside 128
immediately adjacent to the opening 122. That is, the seal
123 can prevent all other portions of the capacitor 127,
including the dielectric layer 125 and second conductive
plate 126, from being exposed to the plating solution 102
(i.e., can protect the dielectric layer 125 and second con-
ductive plate 126 from exposure to the plating solution 102).

The first power source 160 can comprise a first positive
terminal 161 electrically connected to the first conductive
plate 124 (i.e., the anode) and a first negative terminal 162
electrically connected to the second conductive plate 126.
During a non-plating mode (as illustrated in FIG. 2) and,
particularly, when the surface of the first conductive plate
124 (i.e., the anode) on the frontside 128 is exposed to the
plating solution 102 and is not polarized relative to a cathode
for plating purposes, the first power source 160 can supply
a first operating current to the capacitor 127 in order to
polarize the first conductive plate 124 (i.e., the anode)
relative to the second conductive plate 126. Such polariza-
tion pulls electrons away from the frontside 128 of the first
conductive plate 124 toward the backside 129 and, thereby
prevents anode and/or plating solution degradation. It should
be noted that the first conductive plate 124, the dielectric
layer 125 and the second conductive plate 126 should all be
approximately equal in length and height (although not
necessarily in thickness) so that the charge across the surface
of the frontside 128 of the first conductive plate 124, which
is exposed to the plating solution 102 during the non-plating
period, remains essentially uniform.
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As discussed above, in a prior art SnAg electrodeposition
system using a soluble Sn anode and an MSA-based plating
solution with tin ions (Sn** ions) and silver ions (Ag* ions)
dissolved therein, during a non-plating period (e.g., when a
cathode is disconnected from a power source and removed
from the MSA-based plating solution and the soluble Sn
anode remains exposed to the MSA-based plating solution),
a double layer can be created at that surface of the soluble
Sn anode and can cause Ag+ ions in the MSA-based plating
solution to plate onto the Sn anode (i.e., can cause unwanted
removal of the Ag+ ions from the plating solution), thereby
degrading the composition of the plating solution and,
particularly, reducing the Ag composition in the plating
solution. In a SnAg electrodeposition system as disclosed
herein, the first conductive plate 124 can comprise a soluble
metal plate and, particularly, a tin (Sn) plate such that it is
a soluble Sn anode and the plating solution 102 can similarly
comprise an MSA-based plating solution with tin ions (Sn>*
ions) and silver ions (Ag* ions) dissolved therein. However,
in this case, during a non-plating mode and, particularly,
when the surface on the frontside 128 of the first conductive
plate 124 (i.e., of the soluble Sn anode) is exposed to the
plating solution 102 and when the first conductive plate 124
is not polarized relative to a cathode for plating purposes, the
first power source 160 can supply a first operating current to
the capacitor 127 in order to polarize the first conductive
plate 124 relative to the second conductive plate 126. Such
polarization pulls electrons away from the frontside 128 of
the first conductive plate 124 toward the backside 129 so as
to prevent formation of the double layer and, thereby pre-
vents Ag+ ions in the MSA-based plating solution from
plating out onto the first conductive plate 124 (i.e., onto the
soluble Sn anode). The first operating current used should be
predetermined so that the potential difference between the
first conductive plate 124 and the second conductive plate
126 is sufficient to ensure that the Ag" ions do not plate out
onto the first conductive plate 124. This first operating
current can, for example, be determined using a systematic
approach to find an operating current that is approximately
0.1V above (i.e., more positive than) the potential need to
suppress the reaction of interest (i.e., unwanted deposition of
Ag™* ions onto the first conductive plate 124). It should,
however, be noted that as a result of such polarization Sn
from the soluble Sn anode may continue to slowly dissolve
into the plating solution 102. However, the benefits of
preventing Ag from plating onto the anode outweigh any
costs associated with increased Sn in the plating solution.

Also as discussed above, in a prior art SnAg electrode-
position system using an insoluble anode, such as a platinum
(Pt) catalyst-coated titanium (T1) anode, and an MSA-based
plating solution with tin ions (Sn** ions) and silver ions
(Ag" ions) dissolved therein, the plating process will slowly
degrade the Pt catalyst coating over time, thereby exposing
Ti on the surface of the anode. During a non-plating period
(e.g., when a cathode is disconnected from a power source
and removed from the MSA-based plating solu